It is known that South Africa is a water scarce country which has been recently been experiencing erratic weather conditions resulting in a constrained water supply. Renewed focus has been placed on water conservation. This study seeks to develop a steady state hydraulic model that will be used within a real-time dynamic hydraulic model (DHM). The Council for Scientific and Industrial Research (CSIR) water distribution network (WDN) is used as a pilot study for this purpose. A hydraulic analysis was performed for the WDN. Model parameter data were obtained through as-built drawings and site visits. The data were verified, and critical unknown parameters (those whose absence results in model uncertainty) were measured and thereafter imported into a developed computer model in the EPANET program. The model is presented in this paper. The pilot WDN was analysed for a 24 hour period. Network results have revealed that the system is functional and that water is transported in the system at a very high rate and boosted by a high pressure at the abstraction point. Flow velocities are within the range of 0.6 m/s to 2 m/s as recommended by the CSIR internal guidelines, and therefore no stagnation is expected. The steady state hydraulic model will form part of the real-time DHM and the time and cost efficiency of the entire DHM process will be accessed. This assessment will be in view of a desire to replicate a similar procedure to numerous areas in municipalities across South Africa.
Introduction
Changes in weather conditions, an increase in population growth, adverse water incidents, poor water management, departmental inefficiencies and deteriorating water infrastructure are some of the key contributing factors that have put a strain on South Africa's water supply [1] . The country currently suffers an annual financial loss of 7 billion Rand (Rand is the South African currency) due to NRW which is estimated at 36.8% (1 580 million m 3 /annum) [2] .
Attempts to resolve water loss problems using wellknown techniques have not had the envisaged impact [3, 4] and it is for this reason the CSIR has embarked on an initiative to develop a novel real-time dynamic hydraulic model (DHM) [1] that can be used to address water leakages and incidents.
The proposed DHM (see Figure 1 ) can be used for planning purposes and can also be retrofitted to improve existing water networks. The model will use the real-time sensed data from in-house developed sensor technology [5, 6, 7] to evaluate the current conditions of the network, and automatically send control signals to various network components. This will adjust the water distribution network (WDN) performance and make it more efficient. The DHM will be used to minimise water leakages and enable pressure management, by employing newly developed control algorithms [8] . Similar initiatives are been considered in other municipalities [9] .
The DHM consists of a number of components and subcomponents as seen in Figure 1 . This paper focuses on the development of a steady state hydraulic model which forms the basis for the real time DHM. The CSIR WDN, together with its auxiliary equipment (pipes, reservoirs, pumps, valves, etc.) was used as a pilot WDN. Further information of the various other DHM components has been published [1] .
The steady-state hydraulic model calculates the network hydraulic variables at a particular instant of time and gives the snapshot of a network [10] . A steady-state assessment will provide insight and understanding of the pipe network and its associated components to address potential adverse incidents. Several methods have been proposed to model the steady state hydraulic model, for example [11, 12, 13] .
This approach employed in the paper is considered more cost-effective in addressing any possible water incidents and in providing an understanding into the analysis of an existing pipe network [14] . It also provides the ability to explore alternative conditions before deployment to a larger more complex municipal network. The method is expected to contribute positively towards understanding the challenges likely to be faced by water authorities in their respective pipe networks.
An Overview of the Selected Pilot WDN
The identified pilot WDN (CSIR Pretoria campus WDN) receives its water from the Tshwane City Council's main water header. The water is routed, under gravity, through a 6" PVC pipe with an effective length of 900 m from the abstraction point to the two low-level concrete reservoirs. On this pipeline there is a 2" tie-off to an alternate consumer as well as another 2" tie-off (5 m length) to the pump station sump. Water from the pump station is pumped to two concrete storage reservoirs using 4" galvanised carbon steel pipes. Each of the four reservoirs has a storage capacity of approximately 2454 m 3 . The water from these reservoirs gravitates to the network supplying the CSIR campus via 6" PVC pipes. On the water network, smart water meters [5] are positioned at systematic positions to monitor water consumption at the CSIR campus.
Model data was acquired from 'As Built' drawings and from site visits. The data is tabulated in Table 1, Table 2 and Table 3 . 
Bernoulli's Principle for Incompressible Flow
For flowing fluids, Bernoulli's principle (also termed Bernoulli's equation) is a mathematically formulated equation that describes the conservation of energy in a system. It is derived from the continuity, momentum and energy equations [15] .
Bernoulli's equation can be transformed into different forms and can be applied to various types of fluid flow. A simple form of Bernoulli's equation (in terms of pressure) to describe the flow of an incompressible liquid (such as water) is given in equation (1): (7 and 8) respectively. Equation (8) is known as the Colebrook equation [16, 17] and needs to be solved implicitly:
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 is the dynamic viscosity, Pa.s  is the absolute pipe roughness
EPANET
The steady state hydraulic model for the WDN was modelled in EPANET. EPANET is one of the most commonly used modelling software and it provides an effective way to analyse and diagnose hydraulic operations in WDNs [18] . Smart meter data using inhouse developed technology was obtained to calibrate demands.
Results and Findings
The simulation model for the CSIR WDN was set up and analysed for a 24 hour period. Figure 2 shows an EPANET depiction of the water network, with pressure and flow predictions. The simulated results reveals that sufficient water discharge flows in the system and that pressure at the nodes of interest are within the acceptable range for most of the network. The specific velocities are tabulated in Table 4 . Figure 3 shows the relationship between pressure and velocity. The flow velocities in the pipes of the distribution network are within the acceptable range according to CSIR's internal guidelines. Flow velocities are reasonable such that stagnation of water in pipes is avoided; however the water abstraction pipe needs to be anchored due to high water pressure and the high volume of water transported in the pipe. The specific flow rates are tabulated in Table 5 . 
Conclusion
In this paper the development of a pilot WDN hydraulic model which forms an integral part of the real time DHM is proposed. The pilot WDN was analysed for a 24 hour period. Network results have revealed that the system is functional and that water is transported in the system at a very high rate and boosted by a high pressure at the abstraction point. Flow velocities are within the range of 0.6 m/s to 2 m/s as recommended by the CSIR internal guidelines, and therefore no stagnation is expected. However special pipe fittings need to be used on the main water supply pipeline due to high velocity of 6.0 m/s which might lead to pipe joint dislocation leading to more leaks in the network system.
As a future work, the CSIR plans on installing more smart meters and pressure sensors to continuously measure the water flow and pressure across the entire CSIR water network. The collected data will be used to update the parameters of the developed steady state model to improve the accuracy of the model. The authors of [19] clearly indicate the need to develop techniques to enable the update of the model parameters to reduce the discrepancies between model predictions and behaviour of the real water distribution network.
